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FOREWORD
This report is the fifth in the series under Contract NAS 9-7830,
and is the first since NASA extended the completion date of the
contract to 9 January 1970 and increased the scope and funding to
cover radar topographic studies of the planet. Mars.
The observations for the planned radar map are 90 percent com-
plete, and the computer processing of the data into map form is
about 80 percent complete. These data constitute a rich field for
analysis and interpretation in terms of models for different areas
of the lunar surface.
Under the extended scope of work, Mars observations began in
early May and have continued at. a high rate since that time. Pre-
liminary topographical results from a band near the equator loot:
very encouraging. Some of the data arepresented here. Further,
since this is the first report that includes the Mars Nvork, a basic
review of what is being done is included.
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RADAR STUDIES OF TILL•: MOON AND MARS
I. SUMMARY
It will be recalled that, for purposes of radar mapping, the moon has been
subdivided into so-called "'LAC" areas''' which more or less match natural
areas resulting from range-doppler mapping techniques at haystack. Obser-
vations are 90 percent complete, and 140 'LAC areas have been processed into
map segments. Consideration is being given to what information may be de-
•	 duced concerning the lunar surface beyond the interpretations initially envi-
sioned, such as roughness, dielectric constant, mean slopes, etc.
During the favorable period surrounding the 31 May 1969 opposition, the
planet Mars is being observed with the haystack radar to improve the available
knowledge of the topography in a belt near the equator. Preliminary results
show that the topography along a strip extending from 5°N to 12 0 N in latitude
is well correlated with that measured for a latitude of 22°N during ffe 1967
opposition. however, there are some differences, the most notable of which
is a region around 220° in longitude (close to Elysium) which showed up as a
highland at 22°N but failed to do so at 5 0 N. Measurements of cross section
confirm that the optically dark regions have relatively high radar rcflect.ivity.
Estimates of the rms variation in the distribution of slopes obtained by fitting
to a theoretical law indicate a wide variation N =Jth longitude. Generally, re-
gions of high cross section appear smooth. Measurements in the region known
as Syrtis Major give an rms slope of less than 2°, compared with an average
of 3° for the rest of the planet's surface.
II. LUNAR STUDIES
A. Observations and Reduction of Data
Emphasis during this quarter has been on completing the observing* pro-
gram and checking the quality of the data for any needed re-observations. The
dual maser will probably be removed in mid-Septernbcr for upgrading, and
227 of these on the sub-earth hemisphere are visible at most times. An
additional 36 such areas are visible only under propt;r libration conditions.
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all observations should he completed by that time. At present, all observa-
tions have been completed except for 4 ZAC 9.0-ring and 92 ZAC 90.0-ring
areas. There are 13 additional areas on tha inner ZAC rings that are sched-
uled to be repeated because of imperfections in the original maps. All these
have been scheduled on or before 5 September except for 90 of the 90.0-ring
areas that we cannot view favorably this ,year.
About 940 ZAC areas have been processed completely to pairs of photo-
graphs depicting the radar backscatter in expected and crossed polarization.
About 900 more ZAC areas have been processed through the Fourier-transform
stage and are awaiting the last processing stage of librating, normalizing, and
summing the individual coherent maps and transforming from range-doppler
coordinates to the final cartographic projections.
In terms of the percentage completion of the basic job of producing the
maps, 90 percent of the ?_63 ZAC areas have been observed and 80 percent of
the estimated 9800 hours of computation have been finished. A number of av-
enues for analysis of this great bulk of data have been proposed and one is
under way.
B. Ephemeris Discrepancies
Investigation continued into the differences in range and doppler between
the measured and predicted values for the center of mass of the moon. It ap-
pears that there is no measurable difference between measured and predicted
range for the moon's leaning edge, within the 3-microsecond resolution of oiir
observations. In doppler, on the other hand, ,here remains a large and vary-
ing discrepancy, typified by the curves in Fig. 1 for two successive days in
March.
No physical or experimental explanation for the measurements has come
to light. The similarity of the two curves, hm ,-ever, suggests that our deter-
mination of the doppler for the leading-edge return may he affected by lunar
topography, v:hich would change in a systematic way during a given day because
of the parallactic motion of the subradar point.
We are beginning to work out the details of' the leading-edge topography
from the large number of calibration runs taken over the past six mouths,
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TABLE I
SOME TOPICS FOR ANALYSES BASED UPON HAYSTACK LUNAR DATA
1. Average scattering low — to corroborate past work at 3.8 cm and compare
it with other wavelengths.
f 2. Detailed scattering laws —by separating out different surface morphologies,
to look for systematic differences between highland and mania, old and new
craters, rays, background.
3. Ephemeris discrepancies —a first step is the calculation of the "true" doppler
discrepancy by eliminating the effects of topography (based upon 4 below), then
determining the nature of any remaining discrepancy and ultimately its origin.
4. Leading ecge topography — to measure the absolute heights and positions
of lunar features:
(a) From the leading-edge shadow, in range-doppler coordinates,
(b) From the mapping of the some identifiable feature on different overloppinn
maps on ZAC ring 1. 0, and hence at widely different projeclion angles
(photogrommetry or stereoscope).
5. Anomalous scatterers — to in v estigate surface properties on a smal I scale,
by comparison of 3.8-cm anomalies with both IR anomalies (hot spots) and
optical appearance.
6. Comparison with other sources of information and with current theories — to fit
some or all of the above into the over-all picture of lunar history. W
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with very encouraging first indications. It appears that we may be able to
generate a leading-rdge profile, using existing data, to a height accuracy of
500 meters. This result should be of considerable interest in its own right, as
well as a help in resolving one possible source for our doppler discrepancies.
C. Topics for Analysis
There is clearly an enormous amount of information in the body of data
being collected. t, ;.steed in Table I are some topics being considered as lines of
attack on the data in order to systematize the data and to begin to extract their
useful and/or interesting contents. Even at this early stage, further exper-
iments or experimental refinements may suggest themselves as providing an-
swers that are either, unobtainable by other methods or are independent corrob-
orations. (nn example is the extension of the topography derivations in Item 4
of Table 1 to other parts of the lunar surface by making an additional set. of
measurements of selected areas at different librations.) The list of analysis
projects, however, is intended only for the data being collected for the present
two-polarization radar reap. The list does not exhaust the study possibilities,
of course, but does provide a good starting point.
III. MARS WORK
A. Introduction
Observa',ions of Mars made during the 4967 opposition by Pcttengill,
et al.;;' show the topography for a latitude cf 24'N illustrated in Fig. 2. This
experiment is currently being repeated using essentially the same equipment
as that used in 4967. However, some changes have been made in the data re-
duction technique, mainly in the method of estimating the delay to the Buhr adar
point from the sampled data. In addition to the topographic ranging measure-
ments, some analysis of the echoes from a CW transmission has been per-
formed witl, higher frequency resolution than that of the 4967 mcasuirements.
X! G. If. P'Atengill, C. C. Counselman, L. P. liainville and 1. I. Shapiro, "Radar
Measurements of Alartian Topography," Astr • on. .1. 7 ,1, No. 3, 464 (4969).
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Fig. 2. /Tertian topography for 21 °N as derived in 1967 and publ ished by Pettengil I, et al.
B. Measurement and Data Reduction Techniques
9. Topographic Ranging Measurement s
Banging measurements are made by using a 15-element pseudo-random
binary code wish 60-t15ec gaud length. The echo is sampled every 30 µsec and
digitally decoded by computer simulation of a tapped delay line. Final uutpu)
is limited to 8 samples at 30-µsec intervals out of a possible 30 samples due
to computer processing time limitations. However, the 8-sample window can
be positioned to best advantage for observing the echo from the subradar re-
gion. The resolution ;unctions in delay and frequency are shown in l" is. 3.
3-dli points in frequency correspond to a longitude range on ;Nlars ofbout 2.7°,
and 30 µsec from the subradar point correspond ,7 to a cap of about 5.'/' in
dinnicter.
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#	 Fig. 3. Instrumental resolution functions in delay and frequency.
A real-time decoder that can perform the digital decoding in hardware
outF-; ae the computer is under construction. If available in time, it could ob-
viate the above-mentioned computer processing time limitations.
2. Estimation of Delay to Subradar Point
,s At a given instant of time, the power scattered back toward the radar xvith
a
delay D is
i
P(D) 
	
I SO"coso) ti f(Y) R D(Y, Z) dYdZ	 (1)
where Y and Z are coordinates centered on the subradar point v: ith Z par-
{	 allel to the apparent rotation axis. S(Y, Z) is the cross section. R f(Y) and
Ij R D (Y, Z) are the frequency and delay resolution function in the apparent disk
coordinates obtained through the following transformations:
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E=
f = FY/r
	 (2)
D = 2 [r — (r 2 — X2 — Y 2 ) 1/2 )	 (3)
where F is the center-to-limb doppler shift, r is the radius of Mars, and c
is the velocity of light.. S has been divided by the cosine of the angle of inci-
dence in order to adhere to the con vention that S is the scattered power per
unit surface area. If most of the energy is reflected from a small region
around the subradar point, Eq. (1) approaches the instrumental delay resolution
function. This function is a ramp squared in power. Since sampled delay pro-
files obtained do in fact very closely resemble samples of the ramp-squared
function, it was decided initially to make a fit of the data points to a ramp-
squared function suitably shifted and adjusted in magnitude to minimize the
sum of the errors squared. The origin of the theoretical fund ion was then
taken as an estimate of the delay to the subradar region. This method of fitting
yields results usually within 12 µsec of results obtained by using the technique
employed on the 1967 data.
This least-mean- square fitting technique can be improved by allowing an
additional parameter to vary so that the fitting takes into account the departures
from a point target. To this end, it was decided to use a theoretical scattering
lave derived by Hagforrs." This law assumes azimuthal symmetry of the scat-
tering and expresses S in terms of the angle of incidence Q.	 -
S(Q) n-(cos 4 Q + C ern 2 0)-3/2 	 (4)	 -
The parameter C is related to the distribution of surface slopes. Large values
of C correspond to small slopes. Substituting this law into Eq. (1) usi;,g
O = sin -1
 [(X2 + Y 2 ) 1/2 /rl	 (5)
a theoretical delay profile is obtained which can be made to fit the data closely
by a suitable delay shift, and adjustments of parameter C and magnitude of S.
In all the observations, the first two points of the 8 samples are placed well
"T. Hagfors, "Backsca.itering from an iindidating Surface with /Applications to
Radar Returns from the lloon," J. Geophys. Iles. 69, 3779 (196/0.
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ahead of the first sample containing echo po« V er so that they call be used as "
noise level reference. An estimate of the probable error in this technique is
made by measuring the range of delay shifts over which data can still be fitted
to any one of a set of delay profiles to within an rms error of 3 sigma.
3. CW Measurements
Analysis of the echo from a CNV transmission was performed by using the
same one-bit autocor• relation technique employed in 9967. however, the sam-
pling frequency was changed to give a window 4.8 khz wide with 120-hz resolu-
tion. The higher resolution is necessary to resolve the narrow quasi-specular
echo. The expected CW echo is given by
NO 
= S (Scos O ) ] 13 (Y) dY dZ	 (6)
where P(f) is power as a function of frequency shift. The frequency resolution
function Pt (Y) is approximately Gaussian with a half-power width of 0.5° in
longitude. The data were fitted in a least-mean-square sense to spectra ob-
tained using Eq. (6) with the Hagfors scattering law for S.
C. Observations and Results
1. Ranging Measurements
Table li lists the results of ranging measurements made up to the present
time. The topographic correction interpreted as relative height is shown in
Fig.4 for a latitude around 5°N. The relative height for a latitude around 10°N
is shown in Fig. 5
2. Mk Measurements
Figure 6 shows an example of a CW spectrum and the best fit theoretical
curve. The values of C which fit the data best have been used to derive the
rms slope variation in the suhradar region shown in Fig. 7, while the area
under the Curve in Fig, 6 is used to estimate the quasi-specular comporleni of
the cross section as shown in Fig. 8. The diffuse component of the cross
9
BARS TOPOGROH I C OBSERVAT I O14S 1959
20.0-
1' {
+^ 	 f	 e i 	 F^:» ^
s
.^ r
tj , • 1 1 •w ^^	 , Ir A {
IM
s G
u
u
r
-IS.C
-2P.E
r
- 
2 
--,soi l —	 HAYSTAC K FACILITf
w
:3
t--
H
h
1 `'
Q	 6^.Q(` F3.^^^ tl^.i ICtFt l+^Q.k ^FQ.E i!=;r. g ^^^.C^^^O	
.-..
M PT I AN LOM I T UDE
Fig. 4. Martian topography for- 5°N. Height is relative and bears
no absolute relation to height in Fig. 2. !Measurement points to any
single day are linked by lines and projected down to indicaie the
mean latitude for that day. Error bars arc generated by range of de-
lay profiles thou fit the data to within an rms error of 3 sigma.
10
+
-- r -- ^ -^^	 a-art-^
+ t
ICI-P
-E 12^- L9 0 2	 HAYSTACK
% ARS TOPOGRAPHIC OBSERVATIONS 1969
i 4 - t4
. }^ ^ J
	
= t ai	 Y	
y^.
A-f: -
X
-4
MARTIAN LONGITUDE
Fig. 5. Martian topography for latitudes around IO'N
	
Height is relative
but has the some absolute level as Fig. 4.
99
ILI
/	 te-2-e903
1
1
J
/	 1
1
I/
I
I
I	 1
ix
LO
3
O
CL
r RCUVCI1 l.1 %nn,I
Fig. G. A typical CW spectrum and least-mean-square fit theoretical spectrum.
In this example, a value of C = 400 fits the data hest.
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section is not measured because of the narrowness of the CW window. Figure 8
also includes cross-section estimates from the ranging data, although these
are only tentative results since not all corrections for changes in system tem-
peraiure, atmospheric attenuation, etc., have been applied as yet.
D. Interpretation of Results
1. Martian Topography
The high correlation between the relative height variation with longitude
for 5°N, 10°N, and 21°N is not unexpected as the autocorrelation function, ob-
tained by Pettengill, of al., indicates a half-power width of about 30 0 . That. is,
the Martian topographic variation, although large in magnitude, changes over
large areas possibly similar to the earth's continents and oceans.
One topographic feature which shows at 21°N around 220° in longitude is
notably absent at 5"N but begins to show at 10°N, indicating that this region
is a locally elevated region. Other fine-scale structure in the topographic
profiles may in fact. also be local topography, but we stress that these varia-
tions are within cnir error bars and hence should not be relied upon.
2. Martian Cross Section
Unlike the topographic variation, the cross-section variation appears
highly differentiated. That is, the cross section changes rapidly and is prob-
ably not resolved. These local variations do in fact appear to be correlated
with optical light and dark areas, with dark areas producing high cross sec-
tion and light areas producing low cross section. This correlation is very
clear for the optically dark Syrtis Major region.
3. Variation of Slope Distributions
like the cross section, the smoothness of the 1\lartiaTn surface varies rap-
idly with longitude, changing; on a local rather than on a global scale. Usually,
but not in every case, regions of high cross section appear extremely smooth.
For example, the Syrtis Major region appears to have an rms slope less than 2`.
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4. Further Data Analysis and Measurements
It is proposed to continue the ranging measurements until the signal-to-
noise ratio drops below the 3 sigma level. This is predicted for early
September, when the subradar latitude has returned from 42°N to the equator.
Further CW observations will be limited, owin, to the poor signal-to-noise
ratio. llowuver, more measurements are planned for regions known to have
higher c ­oss section.
Analysis of the data will continue along the lines mentioned in this report.
In addition, we plan to try to construct a rough contour map of the topography
from the equator to 42'N(and possibly extending by interpolation to 21°N, using
the 1967 data of Pettengill, et al.).
Table 11 lists the measured delay time at the given
receive time-date. The quoted time delays are in sec-
onds, and the errors are in microseconds. The corre-
sponding latitude and longitude of the subradar • point are
given, together with the relative topugraphic height de-
rived from the delay residuals.
At the time of writing this report, the ephemeris
used to generate the residuals does not make use of all
the measurements to date. It is planned to improve the
ephemeris and to refer the height. to a specific value for
the Martian radius as derived from the data. It. should
also be pointed out that the estimates of delay have been
derived using the theoretical law fitting procedure de-
scribed. These may possibly he revised if the CW meas-
urements can be used to derive an empirical scattering
law which can then be used in the dcl.ay fitting procedure.
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2 4 40? 6 1.5 A 36 5 11.9nnh 1 1 H 67.'5 `.1 6 13.45 1.1
2400!41,5 A 58 `+11,851202 36 72,73 5,16 33.nn 5,4
2 4 4 n 363.5 A 28 1, n5,7A73'+n 6 16.52 5.53 1n, A5 .9
2 4 40363,5 6 47 S n5,7778 1-2 R 26.15 5.53 30.05 1,1
2440361.5 7 5 : ;N 5.6Q,5 4 2 14 27.52 5.53 29.05 2,0
2 4 4n161.5 7 21 1, 0 S .653 47 6 12 31.91 5,53 2 R . A 0 1.6
244n361.5 7 41' 5n 5 .6125 r 0 11 36.81 5.54 2 ►+.69 1.6
2440'63.5 A 3 `+n5,571728 12 41.68 5,54 36.85 1.n
2440	 63,5 A 21 5 n `).5111 0 2 15 46,57 5,54 30.41 2.3
2 4 4 n 363.5 A 55 505 ,466694 14 54.35 h.54 32.05 2.0
2 4 4065.5 6 15 5n n .017 45 0 3 35/.60 5.40 31.4U ,5
244M365.5 6 33 1,p	 . nn417P 75 1,98 5,90 2A.70 11,j
2440365.5 h 5; 4 9 0 .9710 7 4 9 6.37 5,90 30.50 1.4
244n?e,5.5 7 9 4 99,910375 R 1x.77 5.90 30.50 1.1
244n265,5 7 28 4 9 0 .9n 1 6 5 0 8 15,19 5.00 3n.r0 1.1
244.1!65.5 7 4(1 499,x67525 12 20,28 5.91 30.`40 1.h
2441?65.5 A R 4 9 9 .(116 0 8 12 25.15 5.91 30.05 1.A
2440365.5 A 28 499,7059n6 14 30.02 5.91 29.15 2.n
2 4 4 0 !65.5 A 48 4o0.76n;76 24 34.9p l,41 29.60 3.6
24403FA.5 4 43 49?.A173"1 3 10P.54 6,44 35,60 .5
2 4 4ntAA,S S 3 4 0?. 7 A I. 3 144 5 113.41 6.44 35,15 ,7
244n?4p,5 5 2.1 4 92,755731 8 11('.29 6.44 34.25 1.1
2 4 4F?f.R.3 5 4 .S 4 0.7254 n 5 9 626.1E 6.45 37.00 1.4
244n36R.5 h 1 4 07,Gv5317 0 i?P.ny 6.45 31.15 1.1
2 4 40?6R,5 6 23 492.6654i9 9 332.92 6.45 33,.'.;• 1.4
2 44n76F,5 6 41 4 9?. f.,	 R F` R 11 337,79 6,45 32.x5 1.6
244n?Fp.,5 7 1 4 9r.Fn65 2 7 6 642,(.8 6.46 32.45 .9
244n^AF.5 7 23 402,5771~2 6 641.56 6.46 32.45 9
244n;6R.9 7 41 4 92,5404 7 7 5 :'52.44 6.46 32.00 .7
2446AS.5 A 1 4G2,5197 6 8 5 <57.33 5.46 31.'5 ,7
244n?6A,5 A 21 4 02,4012 4 9 8 2,18 6.47 31.',5 1.1
244n36F,5 R al 492,062911 20 7.n7 6.47 31.10 2.9
2440?70.5 4 51 4A".7334 7 9 5 79x,76 6.83 34.00 7
2 4 4n37C.5 5 8 4A F ,711476 3 296.91 6J1 3`.70 •5
2 4 40?70.5 5 27 4 8F.6A71 14 6 3C1,78 6.92 34,Ao .9
244n?7n,5 5 46 4 RR,6629 69 11 30(.17 6.82 35.25 1.6
2<4n17p,5 6 4 4 A9,64n3 n 7 9 310,56 (,.b? 34.00 1,4
2 4 4037r,5 6 22 4 R8,617b 4 1 9 .114,95 h.82 31t.n9 1.,4
2 4 4 0 170.5 6 39 488.596815 14 319.14 6.1'2 32.55 2,G
2 4 4017[.5 6 5R 4 8F.571 49 4 11 326.73 6.81 31.nQ 1.6
2 4 40370.5 7 16 4 66,55:5 4 0 15 32(.12 6,03 33,x0 ?,.S
2 4 4n?70.5 7 34 4A6,5?98'2 1 12 332.51 6,b3 34,15 IA
244x!72.5 1 6 4 85,4621 4 6 17 !49,76 7.1b )".n0 2.5
2 44 C3 7 2.5 1 24 A A',,442D 9 6 24 254.15 7.1F 31.75 3.(.
2 4 4C372.5 1 4? A A` .122227 20 2:;8,54 7.1h 31.75 2.9
2440372,5 4 n W . I n25 6 3 15 2E2.93 7.19 30.-I0 213
2440372,5 4 1A 40' • ,3830 5 3 17 267.30 7,14 29.913 2.!%
2440~77.5 4 36 4 H5,36163'• 17 271.71 7.19 2%.x5 2.5
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244M1 7 P.5 4 K 4 4AI) ,3447`:9 12 ?76.10 7.19 79.95 1.8
2440372.5 5 12 4 95,32 5 8 `6 6 181.49 7,19 31.75 19
2441072.5 5 42 4PS,294R8n 3 ?R7,A1 7,?q 35.35 .5
244n372.5 n 4Ac. ?76562 3 ?9?,?0 7.?n 34.90 .5
2 4 4n3 7 ?.5 6 I 4A5,25P433 3 ?96.57 7.20 35.15 .5
244n172,5 6 36 4 85 24 n 5 1 2 3 .10n,95 7.71 34.90 .5
j44n,72,s 6 54 495 ^227 `'0 15 105,35 7,?_i 35.35 2,3
244172,1) 7 19 4 R S .2n51 "5 11 `09.75 7,71 34.90 1.6
2 4 40X 7 2.5 7 1 D 4 9 5 ,1P 7 7-1 9 Al 4.14 7.71 35.15 1.4
244n372,5 7 4A 4RS,17n5')0 17 AIb,53 7.22 34.45 2,5
244Mt72.5 A 6 4 85 .1554 0'8 17 !22,92 7,12 34,n9 2,5
2 4 4n375. 5 3 17 481.521710 6 225.95 7,76 3n.10 .9
244037S.^, 3 14 4 A1,6nR0 h 4 6 230.n9 7.76 31.10 .9
244n175,5 3 1 2 4 R1,594R ^7 P 234.48 7,17 3n.10 1.1
2 4 4 n 375. 1, 4 I n 4 R1.5R16 6 9 6 23H.P6 7,77 3n.55 .9
244n?71),5 4 in 4 H1,5690 71) 9 243,25 7,77 31.n0 1.4
244n?75,5 4 46 4 91.5564"0 8 ?47,64 7,77 32.35 1.1
244nt75.5 1) 4 4 81.5440 " 13 11 e5`<.n3 7,78 32.35 1.6
244n?7 6,,1) 5 ? 2 4 91.5319 3 3 12 ?5h,42 7,78 3n.10 1.8
2440?75,5 F 4n 481.510952 9 161'.A1 7,78 31.55 1.4
244 n 175, gi 5 S P 4R1,5nR176 b ?65.70 7.78 29.65 1.1
244n? 7 5.5 6 16 4A1,496593 11 ?69.59 7,79 2A,75 1.6
244(137 1) .5 6 1 4 4R1,4R1)184 6 %7.3,98 7,79 29,65 .9
244n?75,5 R 2 4 91, 4 739:8 S 276.39 7,79 3n.10 .7
244n375.5 7 to 4 R1, 4o,2R "4 3 ?b2.77 7,79 3.1. 70 S
244^'?75,5 7 9P 4 R1, a 519 y 1 5 287.15 7.79 34.60 .7
2441x75.1) 7 4A 4At, 4 4n0 7 9 8 297.n3 7.b0 34.15 1.1
2444175.5 A 6 4 R1,^ ?95ri 11 196.42 7.90 35.n: 1.6
244 1 775.5 2 17 4Rr.7245 n 1 20 202.48 7.95 2°.25 2.9
2441276. r, 7 15 4 Rr.71 26 5 5 6 206.87 7.95 31).60 .9
244^371,5 2 57t 4 Rr,7r10 n 7 6 211,26 7,95 29,7) .9
2 4 4 1 376,~ 1 to 4A0 .69 1 1 7 3 6 ?15,;16 7,95 3n.15 .9
2 4 4 n 777.5 A 2 4 7 0 .92 9 7 1 8 8 ?04,62 9,15 29.75 111
2 44 : 1 377.5 3 2n 479,9 1 9523 9 209,ni 9.15 2A.85 1.4
2 4,4 , -1 77.5 3 38 4 7 0 ,91 n 521 5 ?13.42 P,15 30.20 .7
2441777,5 3 56 4 7 9 .9n17 3 1 3 217.79 9,15 3n,20 .5
244 P,?77,5 4 14 4 7 9 ,9951 44 5 Y22,16 9,16 29.75 .7
244n777,1) 4 4n 4 79,8R1n 9 7 5 228,52 9.16 3".?0 .7
2441377,5 4 SR 479 . A7inP5 5 23?,85 8.16 3n.E.5 .7
244n377.5 5 15 479,A6'+554 h '137.17 8.16 3F,.20 1.1
244n?77.5 5 ^2 4 79.85 8 ? 7 9 9 241, 20 8.17 3x.20 1.4
244n?77,5 5 49 4 79.8.511 7 5 9 ?45.35 8,17 30.65 1,4
2441 1 77.5 6 7 1 4 7 9 .P3 k 2 6 3 1 4 ?53.16 9.17 31.55 2.0
244n?77,5 6 39 4 7 9 ,8317 6 6 57 ?57.55 8.18 3n.2n 8.6
2 4 4'1?7P. c t 52 479.361039 17 178.7 3 8.33 2A.45 2.5
244n278,5 7 1n 4 7 0 .3512 64 14 183,12 Fl . 29,35 2.0
244n,7P.S ? -,P 4 7 °.345719 11 187,50 8,33 ?H,45 1.6
244n779.5 2 4` 4 7 Q .33 R 32 7 12 191.P9 9.34 29,35 1.5
2 4 4n?7P,5 3 4 4 7 9 ,3111 38 12 196.?P 8,3 4 2A.45 1.R
244r^79,5 A 42 478,8797 9 7 h ?11,40 9.55 29.85 1.1
244n379.5 F n 4 7 P .8760 6 2 5 215.75 8.55 29.87 •7
2441179.5 5 18 4 7 A ,972526 3 22r,,14 9.55 29.55 .5
2441379.5 5 36 4 7 A .86 9 1 a 3 6 224.47 8.5`_- 29.40 19
2 4 4n779.5 6 4 47 A ,R643 77 8 231,31 8,56 29, A5 1.1
2 4 4n3 A ?,5 5 1 6 4 7 A ,6427 54 12 155.16 9.10 2°.65 1.8
2 44 ^7 A 2,5 5 i3 4 7 P ,6456 14 12 197.31 9,10 28.29 1.8
244 n ? A 2.5 5 5n 4 78.64 8 6 3 7 11 201.45 9.10 28.70 1.6
2440? A 2,5 6 7 4 78.,651611 6 ?05.60 9.10 3!'.10 .9
244n!8?,5 6 94 4 78,6551 5 5 9 ?09,74 9,11 29.51 1,4
2 4 4 n i A ?.5 6 41 4 7 k .65 P 6 48 8 ?13,88 9.11 29.10 1.1
2441? A 7,5 6 5A 478,6622 74 11 216.14 9.11 30.10 1.6
2 4 4 n 2 A 2.5 7 jr) 478.6660 4 4 12 22.1.18 9.11 29.10 1.8
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2 4 4 n 3R?.5 7 32 47 P .66 Q 9 3 n 15 226.32 9.11 29,55 2.3
244n^P4.5 n 5n 4 79. ?2 Q 3 5 3 1 14 110,58 9.40 37,75 2.7
2440!R4,5 1 7 4 7 9 ,2314 7 1 15 114.73 9.40 30,.4q 2.3
2440?H4,5 1 24 479,237719 12 116.µR 9,40 37.30 1,9
244n3R4,5 1 41 4 79.242128 23 12,3.02 9,41 36,85 3.4
244n3 Q 4.5 1 ^P 47 0 .246708 21 127.17 9.41 34,60 3.2
244n3 µ 4,5 15 4 7 Q ,'S14 4 6 21 131.11 9.41 33.25 3.2
244n184.5 2 32 4 7 Q .2563 6 3 17 135,46 9,41 3n.55 2,5
2 4 4n3P4.5 2 4 Q 4 7 Q .261438 48 139.0,2 9.41 30.10 7.2
244n3µ4.5 3 6 4 7 Q ,266 7n 5 41 143,75 9,41 27,40 6.1
244n?A4,5 3 21 4 7 Q .27 ?1 2 1 75 147,90 9,42 29.20 11.3
244n394.5 3 4 n 4 7 0 ,277735 15 152.05 9,42 28.10 2.3
244n?54.5 3 57 479, %63519 14 156.19 9,42 29. 20 2,n
24403A4.5 4 14 4 79, ^R95 n 7 21 16x,.33 9,42 26,50 3,2
244n3µ4.5 4 11 4 79,2956 4 2 11 164.49 9,42 28,75 1.6
244n?g4,5 4 4A 4 7 Q .3019 7 4 11 16K.62 9.43 28.33 1.6
244^3P4.5 5 5 4 7Q,30 A 4 7 4 11 17 2.77 9,43 28.75 1.6
244n3R4.5 5 22 4 7 Q . t 1 5 1 4 5 9 176,91 9,43 29.20 1.4
2440?94.5 5 10 4 7 Q , -t 219 9 8 17 181,n6 9,43 27.40 2.5
24403g4,5 r,, 16 4 7 Q , 1 2 R 9 "9 11 185.21 9.43 29.20 1.6
244n -I R4, &. 6 13 4 7 Q , 1 361 5 3 17 189.36 9,44 28.30 2.5
2440? A 4,5 6 t0 4 7 9 1 434 6 0 18 193,51 9.44 26,30 2.7
244n,P4.5 6 47 479. 1 509^7 23 197.64 9,44 28.30 3.4
2440394.5 7 4 4 7 9 , 1 584 9 1 73 ?01.79 9,44 27,85 3.4
244 n 3R4,5 7 '2 1 479.1661 H 6 21 "105,93 9,44 29.20 3,2
2441 1 P6,5 3 14 4Rn x64475 17 13 ?,R7 9,75 32.D0 2.5
244n3R6,5
.5 51 4An. Q 7 4 0 4 3 29 137.D2 9,75 31.55 4.3
24403P.6.5 4 R 4A n , F A_3817 75 141.17 9.75 27.05 11.3
2 0 403Rf, .5 4 25 4Rf ; , 1-93719 75 145,31 9,75 30,20 11.3
244^308.5 4 42 4R n . & 038 1 7 59 149,45 9,76 27.50 8.8
2 4 4n3P6.5 4 59 4Rn. & 14098 14 15.3.60 9.76 29.30 2.n
244^3µ6,5 5 16 4An,A245"0 36 157,74 9,76 27,95 5.4
244n3R6.5 5 5n 49 n . 0-45930 14 166,n3 9,76 27,n5 2.0
244 n 3 A 6,5 6 7 4An,656R 4 0 17 170,19 9,77 28.40 2.5
244n3P6,5 b 24 4An,A0,79 "9 in 174.32 9,77 27.95 4.5
2 4 40386,5 A. 41 4 9^,67 Q i n7 23 17P.47 9.77 28.87 3.4
244n7 R 6.5 A 5R 4 9 n .69 n45 2 75 182,62 9.77 27,05 11.3
244n389.9 1 99 483,55 5 6 7 6 20 75,85 10,23 30.80 2,9
2 4 42369.5 2 14 4Rj.59 25 0. 2 14 66.83 10.24 33.95 2.0
2440389.5 2 32 4 A3.6n 7 6 5 5 21 91.?0 10.24 34.85 3.2
2 4 4n389,5 2 F n 4 83,6229 4 6 18 95,59 1n.24 35,30 2,7
2 4 40389,5 3 R 4 83,6384 1 8 17 99.98 10,24 36.20 2.5
2 4 40 1 99,5 1 26 4 83,6541 2 1 75 104.3" 10.24 3R, 45 11,3
244n1P9.5 3 4 4 4 A3.67n0 2 5 15 108,16 10,25 37.55 2.3
?. 4 4 n 3µ9.5 4 2 4 A3.6A61 2 9 11 11'3.14 10.25 36.65 1,6
2 4 4n3P9,S 4 ? 0 4R3,7n 2426 8 117.55 10.25 36.65 1.1
244n , R9,5 4 iP 4µ.t 71A917 12 121,93 10,25 36.65 1.8
244'0369.5 4 5 6 4 µ3,735610 15 126.32 In.25 34.85 2.3
244n359.5 5 14 4A3,7524 f. 5 12 130.71 1n.26 33.50 1.8	 -
2 4 4a I P9,5 5 1 2 4 83,7695 4 2 15 135.09 10,26 31.70 2.3
2 44 03N9.5 5 5n 4A3,7R67 7 0 75 139.49 1n.26 29.90 11.3
2440389,5 A A 4 83.80 4 1 7 0 75 143,88 10.26 26,75 11.3
244g3RQ.5 6 26 4 R3,µ21710 75 148.27 1n, 26 25.85 11.3
2 4 4n3P9,5 6 44 4A 3,R39369 36 152.66 10.27 2R.55 5.4
2 d4n ' A 9,5 7 2 493, ?571`3 75 157.0'5 In.27 28.10 11.3
24411 03.5 2 44 49Q,743219 20 50.99 10,78 3^.55 ?.9
244n3n3,5 2 14 4 9 9 . 7 A80 7 6 17 55.86 10,76 32,35 2.5
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244n393,5 2 52 4 89,7006 7 9 14 6n,25 In.78 31.9n 2,0
2440391,5 .1 1n 4A9. 9k1147H 12 64.64 1n, 18 31.9; 1.9
2 4 4 n ?93.5 3 ')R 4A9. A V,4 1 0 P 69.05 1 0,7H 3%. ► ' 1,1
2440191.5 3 4R 4 A9.AjJ2 h 4 24 7.5	 g o 10.78 31.A7 3,6
2440191.5 4 6 4R9, u F`;6 7 3 10 7F, 10 10,19 31,90 4,5
2 4 4n^93.5 4 11 4gQ ,91F4 y 5 26 84.40 111,79 33,70 3.8
244n, g 1.5 4 d Q 4RQ,94 ?3,)n 10 P.77 1n.79 34.60 4.5
[ 4 4n1 0 1,5 5 7 4 R Q , g Ar. 3 7 5 10 95.16 10.79 36.85 4,5
244n?91.5 5 25 4 A Q . a 9n5F3 27 97.55 1n.79 37.10 4.1
2440393.5 5 41 490,n14964 75 101.94 10,79 36,40 11.3
244n?91.5 6 1 4 9 n .n195 y c5 106.33 10.70 34.15 9,7
2 4 40391.5 6 1 Q 4 9n, n 641 2 18 110.73 10.Fn 37.11 5	 6
244n395,5 2,1 97 4 9 ti .5415 7 26 343.48 11.'19 31,10 3.6
2 4 4n395,9 21 46 495,5A g h r 0 15 346.12 11,09 30,65 2.3
244n396,5 n 1 4 Q 5 . 5 9 A276 15 •45;,27 11,09 31,60 2.1
1440396,5 n 7 4 n77 17 {5 µ .ti 11.119 30.25 2.5
244n396. -i n 4S 4 9 ` , 8 543 6 4 18 2,50 11.09 30.25 2,7
244n396,5 1 2 4 9 5 , 0, 793 4 6 17 6.65 11,10 30.70 2.5
244 n 396.5 1 10 4o 5 . 7 n44 Q 6 15 111.79 11,1n 3n.70 2.3
2440396.5 1 t6 495.72Q815 8 14.94 11,10 29.80 1.1
2 4 '139f. .5 1 51 4 9~, 7 55361 15 19, r,P. 11.10 29.15 2.3
2440396.5 7 to 4 95, 7 809 5 6 17 23.22 11,10 29.35 2,5
2 44n 396,5 ';7 4 9 5 .Fn67 9 5 12 27,37 11.10 7.R,no 1.8
244n79F.5 2 44 4 95.81 28 11 1 12 31.51 11.10 28.00 1.0
244 n 29f,.5 3 1 4 9 5 . Q 5 A 9 +'o 14 35.66 11.11 28.45 2,0
2 4 403 g 6.'i 3 18 49h.iiri5344 29 39.81 11.11 27„5 4,1
244n?96.9 3 z 5 495.9118 7 3 12 43,95 11.11 28.n0 1.8
2 4 4n296.5 1 53 49",94w)4 30 48,13 11,11 28.00 ^.5
24411396.5 4 1? 4 9 5 .9701 y 0 29 52.97 11.11 31.15 4,3
2440396.5 4 s .1 4 9^, . "n;16 `=0 14 56.09 11.11 31.15 2.0
2 4 40396.5 5 5 4 9 A . n 5 5 0 9 0 21 65.89 11.11 3?.f•5 3,2
2 4 4n396,5 5 ") 2 4 9 6 . n 826 3 5 14 7n, n3 11,12 32.50 2.n
2 4 4n396,5 5 41) 4 9 6 .1114 56 45 74,42 11.12 31.(10 6.6
244n?G6.5 5 'i7 4 0 0, , I 197 t 9 72 76.57 11.12 3n, 25 10,8
244n396,5 6 14 4 9 6 .1677 2 0 48 82.71 11,1.2 32,50 7,2
2 4 <039F,5 n 5.1 1; n n ,3113 7 1 9 ,54(',60 11,.51 31.25 1.4
2440198.5 1 in 5nn,3193G5 9 35x,73 11.31 31.25 1,4
2 4 4n39F,5 1 2R 5 n r . j6o 2 28 9 355,12 11.31 3n,A0 1,4
244n39F,S 1 46 5n n .3 gQ ? 6 2 8 359,51 11,.32 29,Q0 1.1
2 4 4n396.5 2 4 5n n , 4 2 94 $'1 9 S,P9 11,32 30,15 1.4
2A4n 21 9A,5 2 ? 5nn.1S9900 9 6.2B 11,32 29.90 1.4
2 4 40398.5 ^) 4 n 5n0. 4 on5 1 3 11 12.67 11.32 29,90 1.6
2 4 4n39F,5 2 ;R 5n n ,5213 >6 9 17.n6 11,32 29,45 1.4
244n39F,5 1 16 5n n .5523 3 0 8 21,45 11,32 29,45 1.1
2 4 4 ri39P,5 1 14 50 n ,5P3532 9 75,84 i1,32 29.00 1.4
2 A 4n39N.5 3 51 5n n ,6131 7 2 11 2y.98 11.33 29.,^.0 1.6
244n39a.5 4 9 5nn.644739 1? 34.37 11.33 26.55 1.8
2 4 AQ!9P,5 4 27 500.6764 9 1 19 3µ, 77 1.1,33 27.65 2.7
2440398,5 4 a5 5 n n 7 n A 404 10 4:1,15 11,33 19.00 4.5
•	 244n39F.5 5 3 5nn,740493 35 47,.3 11,33 ?y.n0 5.2
2 4 40398,5 5 21 5 00,772724 ?1 51.92 11.33 31.70 3.2
244n39P,s 5 3Q 5nn,5n5123 24 56,31 11,33 31,70 3.6
2 4 40398.5 5 57 50 n ,E+176 6 8 21 6n.71 11.33 31.25 3.?
244n<np.5 2 22 5 05.592528 6 .150.44 11.54 31.(0 .9
2 4 !m4n0.5 2 4 n 1, n 5 ,62 6 1 n 6 8 S54.P3 11,54 3r,.45 1,1
V 4n4n0.5 ? 5R 1, n 5 ,65 Q 8 6 6 9 155.21 11.54 30,90 1.4
24404np.5 1 16 5 n , . 4 938 2 9 12 3,59 11,54 3n.n0 1.8
21
244n4nn,5 .3 14 5n `, . 7 2 7V' 6 18 7.99 11.54 99,A5 2.7
244 n 4^n,5 .4 `'2 ^n5.'6 2 3 16 18 11,38 11.54 20.55 2,7
244n4nn,5 4 in s n ~ , 7068:54 17 1h.77 11.`J4 29,55
2,5
244 n4nn,5 4 2A '1 n 5 .`315 29 19 21,15 11,''4 29,55 2,7
244n4nn,5 4 `,0r.91664n3 20 25.54 11.')5 28.20 2,0
24404nn,5 % 4 Sn^, , nn14.i1 14 21'.93 11,55 28.20 2.0
244n4nn.5 5 22 5 n 5 , 0 3 66 ?5 27 34.1? 11,55 26.40 4.1
2 4 4n4nn. S 5 4 n 5n5.J71945 63 3N,71 11.55 27,30
9.5
24404nn,5 5 iF Lin 6 , ^n7423 75 45,10 11,55 24.60 11,3
24404x2,5 23 R `)1 1 . 7 2 5 2 38 12 276.12 11.71 28.75 1.P
244r4n2.5 2Z 2 6 F 13.7610 0 8 8 286.46 11.71 3n.10 1.1
244n4n2,5 2.1 4 6 5 t 3 . 0 no9 ? o 8 295,33 11,71 32.x0 1.1
2 4 4 0 4n3.5 n 4 x 13, 0 37016 6 ?89,73 11,71 35,10 .9
24404r.3.5 n la 513, n n56 7 6 5 2914,n1 11,72 35,10 .7
2 4 40 4 n3,5 n ', 7 c-13.0443 2 7 15 502.65 11.72 34.20 2.3
24404n3.5 1 15 5 1 3 . 9 911 25 9 307,03 11.72 34.65 1.4
2A4n4n3,5 1 :3 5 1 a r 1 x17a Fl 311,41 11.72 34.65 1.1
2 4 404n3,5 I `i2 '^1 4 . r 5 7 3 7 3 R 316, n4 11,72 33.75 1.1
244n4n3.5 2 11 5 1 4,rQ6838 11 12n.67 11.72 34.20 1.6
244n4r3,5 2 in 20 525..30 11.72 33,75 2.9
244n4n3.5 2 4 Q 5 t 4 . 1 7 f,42 8 12 329.94 11.7? 33.30 1.8
244 r;4n3.5 3 R 51 4 ,21 6 5 4 4 17 334,57 11.72 3?,a5 2.5
244n4n3,5 3 27 1; 14.2568 7 1 14 339,20 11.72 32.40 2.0
244n4r3,5 3 4 6 '1 1 4 . 2 9 7 4 r'6 15 343.P3 11,72 31.50 2,3
244n4n3. 1) 4 5 `.,14, 29 15 .14h.46 11.72 32.40 2.3
244n4r3,5 4 24 1 1 4 . ?700 5 6 15 353.n9 11,72 31,50 2.3
2 4 4n4r3.5 4 43 5 1 4 . 4 2 n 1 57 17 557.72 11.72 31.05 2.5
244 n 4n3.5 5 2 r, 14,4A1439 18 ?,35 11,72 31.50 2.7
2 4 4n4n3.5 5 21 514, L r,2893 18 6.98 11.72 20.70 5.6
2 4 4 n 4n3.5 5 4n 1-14, ; 444 x`7 59 11.63 11,72 20.70 8.r'
244n4n4	 5 22 t3 51a u 26354 75 249,50 11.79 3n, 6-5 11..3
244()4x4,5 22 5 n 519,x or, 23 .1 7 75 253.62 11.79 27,50 11.3
2 4 4 n 4 n 4 3 5 1 Q , 9111 7 9 75 251',22 11.79 27.91 11.3
24414n4,5 23 31 `1 19,94 9 5 6 9 14 ?63.61 11.79 2P.40 2,0
244n4n4.5 23 49 5 1 9 , 96x111 9 ?6F.00 11.79 20.3U 1.4
244r4 n 5,5 n 7 52n. n 2r,8 2 5 11 ?72,38 11,79 2 Q . P 0 1.6
244n4n5.5 n 2R 5 2 n . ^722 x 2 5 277.47 11.79 3n.25 .7
244n4n5.5 2 57 5 2 11 . t n1 446 11 31 .79 11.Po 33.40 1.6
? 4 4 n 4 n 5.5 5 3 52n,6RQ757 21 344.52 1 	 . tt 0 32.n5 3.2
2 4g nan5,5 5 41 52n,77x1 ?6 26 353,77 11.F0 32.^•-5 3,8
244n4n9,5 23 1 +3 6 . 0 x 7 0 74 75 21C,n5 11.99 25.95
11.3
244n4n9.5 23 21 X 37, ^36097 15 ?15.72 11.99 31.x0
2.3
24404n9.5 21 4n 537, ^R2R x 7 12 ?20.36 11.99 31.80 1.8
2 44 0 4 10.5 n 26 537.196961 12 231.56 12.00 31.40 1.R
2 4 4 n 4tr,5 n 50 537,256937 1? 237.41 12.00 31.40 1.5
2 44n4 10. 5 1 9 537,zn4t; 4 6 6 ?42.n4 12.n0 32.30 9
2 4 4n41n.5 1 29 517, 1 5 ?592 75 "146,67 12,00 20.15 11.3
2 4 4 n 410.5 1 3R 5;7,42x679 11 253.09 12•x0 31.K5 1.6
2 4 4 n 4t0.5 2 17 5 ,1 7 . c 771 5 0 17 ?58,62 12.00 32.30 2.5
2 4 4n 4 10.5 7 36 537,52,8 4 1 9 763.24 12,00 31.40 1.4
244044n,5 2 :;5 537, x 74733 8 767, R8 12.00 31.40 1.1
2 4 4n 4 1D.5 3 26 53 7 .6549 4 0 R 275,44 12.00
3n, 05 1.1
2 44 LA 16.`• 3 45 537,7n43 4 7 3 2R0,n6 12.00 31.115
.5
2 4 40410.5 4 11 537.772236 5 ?R6,e.C. 12.00 35.Qn1 .7
22.
